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Background

e EFT-1 launch on December 5, 2015 at 7:05 AM EST

Video credit - https://www.nasa.gov/exploration/systems/orion/videos
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Objective of this work is to define the EFT-1 liftoff acoustics (LOA) fatigue-weighted
duration

Vibroacoustic engineers require the fatigue-weighted duration for qualification testing
Useful for the development of the Space Launch System (SLS)

Commonality: Orion Module
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- Definition of Fatigue-weighted time duration, T, is taken from:

NASA TM-2009-215902: ‘Using the Saturn V and Titan Il Vibroacoustic Databanks
for Random Vibration Criteria Development’
Available at NASA Technical Reports Server https://ntrs.nasa.gov/

e From TM-2009-215902:

‘Equivalent damage time (T,,) is the time required to induce an amount of damage at
a high test level equivalent to that induced by exposure to a varying stress level.

Acoustically induced random vibration on launch vehicles is a non-stationary
environment, i.e., its root-mean-square (RMS) amplitude changes fairly rapidly over

its duration.’

Liftoff - Boost - + Reentry

DASPL (dB)

Time (s)



EFT-1 Instrumentation Overview



EFT-1 Yy

Vehicle & Instrumentation L RO SION
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Sensors: Piezoresistive Pressure Transducers S 5%@
e External Locations Launch LASMO1
« 5sensors on LAS - B o
e 17 sensors on Crew Module 0 Lashing
(CM)/Serwce Module (SM) e LASMO5

* |nternal Location Crew Module ORION MODULE

« 1 sensor on CM/SM Dl ol . oMOtint
OoMO1

. ey . oMo02
Data Acquisition Units omo3

e DAUL: all 5 LAS sensors
« DAU2: 10 CM/SM sensors
« DAU 3: 8 CM/SM sensors anos

Delta IV oM08
Heavy
Rocket

OMOo5

Data Acquisition Units
DAU1

DAU2




EFT-1 Yy 4
Orion LAS/Ogive and Service Module '
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Orion Service Module

Photo credit - http://www.nasa.gov/content/orion-prepares-to-move-to-launch-pad
Photo credit - http://www.nasa.gov/content/at-your-service-orion-service-module-complete 8




Data Analysis



e Challenge: Data “thrown over the fence”
* Analysis Software: PCSignal Version 2.5

Time History
e 2 Hztrend
removed

Quality
Checks
Histogram
Statistics

=

PSD
Block Size:
8192
Blocks: 30
Time selected
in launch
window

Engineering
Judgment

Discard bad
data from set

Teq
Calculations

* Time step =

0.086 sec

*will discuss blue boxes
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Evaluation led to:
All Channels .
R » Possibility that some channels
oy were “bad”
—— - DAU2/MO01lint
—&—0M13
—— ML « DAU2/M01
i —a . DAU2/MO12
a — OMO8
i « DAU3/MO016 (gain issue)
—— omoa « Determination that time history
— OMO3 -
— ovez shape unique per DAU
- » Further data analysis became
Time (sec) — DAU specific
— LASMO5

DAU2

DAU3
DAUL
OMOint
——Lasmon i 1 e
——Lhsm02 —e—0M11 peies
— | SN —MOH M6
—MOT ——— MY

——LASMO4 —OMoE

— MO
—OMOZ
omMo1

——OM14
—OM10
—— OMO09
— OMOE

pai
psi

Time (sec) Possible bad channel M016
Time (sec) Possible bad channels: MOlint & M01

Time (sec)
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PSD A

Evaluated per DAU S
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DAU1 Evaluation Conclusions:
s DAL
e Channels look great

» Filter Rolloff consistent
and at expected frequency

e DAUZ2

e MO1lint and MO1 are not in
family

e Other channels show peak
prior to roll-off

« DAUS3

e MO16 is 10x below other
channels in magnitude

e DAUSs do not have same
characteristics

* Requires slot evaluation
* Two time windows
 Ambient
* Launch window

Frequency (Hz) 12

psi2/Hz

Bad channel M016
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Evolved Data Analysis Process

» DAU contains cards which are located and identified by
numbered “slots”

* The cards can host multiple channels
e Cards can host different sensor types

simultaneously ﬁ
e DAUI1 - Sensors located on 1 slot

« DAU2 - Sensors located on 4 slots
e DAUS3 - Sensors located on 4 slots

Example DAU with Cards (Slots)

DAU Sensor ID with Slot &Channels

DAU1 LASMO1 — Slot 26 — Channel 1
LASMO2 — Slot 26 — Channel 2
LASMO3 — Slot 26 — Channel 3
LASMO04 — Slot 26 — Channel 4
LASMO5 — Slot 26 — Channel 5

DAU2 OM11 - Slot 13 — Channel 1 OMO7 — Slot 14 — Channel 1 OMO3 - Slot 15 — Channel 1 OM12 — Slot 16 — Channel 1
OMO08 - Slot 13 — Channel 3 OMO5 — Slot 14 — Channel 3 OMO2 - Slot 15 — Channel 3 OM13 - Slot 16 — Channel 3
OMO1 - Slot 13 — Channel 5 OMO1lint — Slot 14 — Channel 5

OM15 - Slot 13 — Channel 1 OM16 — Slot 14 — Channel 1 OMO09- Slot 15 — Channel 1 OMO04 — Slot 16 — Channel 1
OM10 - Slot 13 — Channel 3 OM14 - Slot 14 — Channel 3 OMO06 — Slot 15 — Channel 3 OM17- Slot 16 — Channel 3

13



DAUL Average PSDs

DAUL Evaluation Conclusions (1 slot, sequential channels)

Looks as expected

Ambient noise window has peak but below signal

LASMO1

LASMO02

LASMO3

LASMO4

Frequency (Hz)

LASMO5
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DAUZ2 Average PSDs

Slot 13

Frequency (Hz)

Bad channel:
MOZlint

psi2/Hz

Slot 15

Frequerlmy (Hz)

Slot 14

Bad channel:
MO01

Frequency (Hz)

Bad channel:

M08

Slot 16

Frequency (Hz)
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DAU2 Evaluations
Conclusions (4 slots)

Peaks in ambient and
liftoff times seem to be
slot dependent

Noise to signal ratio of
ambient to launch
window peaks
insufficient
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Average PSDs

Slot 13

Frequency (Hz

_ psi2/Hz

Slot 15

requency

Slot 14

Frequenéy (Hz)

Slot 16

Frequency (Hz)
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DALUZ Evaluations
Conclusions (4 slots)

Peaks in ambient and
liftoff times seem to be
slot dependent

Noise to signal ratio of
ambient to launch
window peaks
Insufficient

Possible that
documentation for
channels in Slot 13 and
Slot 15 is incorrect
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Teq Calculation and Results
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Definition of Fatigue-Weighted
Duration

 Fatigue-Weighted Duration (T,,) formula : For EFl-11eqg

T ZT w(T;) £+ Time step
eq — "\ W, e Ti=2*(t,-t;) = 0.086 sec

i

 where = b/n = 4 for this work (assuming solder joints; conservative)
» Varying RMS level (W,), within a given time step (T;), and max level (W,,,)

* For launch vehicle / spacecraft applications, it is preferred to use sinusoidal vibration
profiles for W
* Mainly for component vibrations / accelerations
* Sound pressure levels or aero dynamic pressure can be used in place of vibration profiles

« Assumes that the external pressure environment is linearly driving the component
level accelerations

« Calculation process then needs the W profile over the flight phase of interest
* For this work, the liftoff phase of flight is of interest. Liftoff phase (per action) includes:
* Engine ignition — not desired for random vibration / T, assessment

» Full thrust engine —

18



Teq Results

Teq trend: longer duration in lower zones, decreasing in upper zones e DAU1
Consistent finding with other launch vehicles ‘ Bﬁgg
7
Zone 1l Zone 2 Zone 3
[T S——— . . . s 0 o
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Approximate Location on EFT-1 Orion
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Conclusion

Data processing has inherent challenges

* Need good understanding of the data acquisition system in order to avoid false
conclusions

Teq calculations were completed for EFT-1
EFT-1 launch data can be used for launch vehicles in design
* Information is useful for SLS

Englvesrsdt o Bxzel, Drivan to Explora
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DELTA IV EFT-1 MISSION

A Uinited Launch Allance Diefia IV Heavy will ke e Orion spacs-
craft o the highest orbi for a spacecrail designed for humans since
Apolio, then debwer it ip a re-enfry iocaSon for splashdown and
recavery. Lifioff wik occur from Space Launch Complex 2T at Cape
Canaveral Ar Force Station, FL

The Crion Bxploration Hight Test (ERT)- 1 mission & an un-crawed Martin Cric
lzunch of Crion 1o demonsirate he Service Module (SM) &ring and ’ Ao ard
Launch Abort System (LAS) jetison events, e abikty o pesform = , testing Orcn and e fef ft e
controded re-entry, and the effeciveness of the haat shisd. The i 0on and beyand

(Orion spacecratt s built by Lockheed Martin and is comprised of four
malar eiements: the LAS, the Crew Module (CM), iz SM, fopsther
e LAS OM, and SM comprise the Mulii-Purpose Crew \ehicle
(MPCVY), and the MPCY Siage Adapter (MSA)

represernts |

1]

{the perfect def

The EFT-1 mission will oot the Earth twéoe, reaching a maximum
atifuce of more than 3,500 miles on the sacond oft prior 0@
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Nawy from the: Pacific Ocean off the Calfomia Baa Peninsula. |
— Launch Abort %Mwﬂz
\ System (LAS)
Jim Sponnick
Vice President, Afas and Defia Programs
/ )— Orion Capsule
Orion Spacecraft - Service Module
The spacecraf s compeisad of the Launch Abort System, the Crew Module, the Senvice Module ‘ v—vi
and fairnng 12 Stage Adapter. The vehide's height with Orion is approximately 243 | ! Service Module
Fairing

Dr—lta Cryogenic Second Stage (DCSS)
DCSS siage propellant tanks are suusin.-alr.' rigid and
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Delta IV EFT-1 Mission

DELTA IV PRODUCTION AND LAUNCH MISSION PROFILE AND GROUND TRACE
— s et [P el B
1) DeSoto, CA W 6 g @ m
RS-68 Engine Fabrication at [ a.
Aeroiet Rocketdyne £
&) Denver, CO @
ULA Heagguariers & Design
Canter Enginesring Time Time
3) Decatur, AL 6 Event {szconds) {hr-min-szc)
- B:ostéra & Second Sne £ € RSG5 Engine Ignibion 5.0 00:00:05.0
Fabrication ) LIttt {Thrust bo Weight = 1) 0.8 00:00:00.0
\é_,- West Palm Beach, FL Begn Fitch/Yaw Maneuver 00:00:13.0
RL10 Engine Fabricafion at Mach 1 00:01:22.2
Rerojel Focieldyne ~ Maximum Dynamic Pressure 00:00:82.2
9 Poet and Starboard Booster Jattison 2383 00:03:58.3
(4] € Man Engine Culoff (MECT) 3309 00:05:30.9
ﬂ First-Stage Separation 3380 00:05:38.0
@ Seoond-Stage kition /10 00:05:51.0
) - @ Senice Modkiie (5M) Fairing Jstifson 3760 0006160
B Eeta o sl s (1003 otk e Lt @ Launch Abort System (LAS) Jetisan #/0 0006210
9 Horizontal Integration Facility Feceiving, nspection 9 First Cutofi—Sacond Stage (SECO-1) 1,037.1 00:57:17
and integration & Mabile Service Tower (MST) €) First Restart—Second Stage 6,920.5 D1:55:20.5
(3] l\letl anmmﬂ 0&C Building | Orion spacecraft assembly € Launch Vehicle 6 ﬂil Sepond Cutofi—Second Stage (SECO-2) 72025 02:00:02.5
(4] ::rlo‘a:ﬁazamous Servicing Facility(PHSF) | Crion © Lot Tto O O St Lo R
spacecraf fusing ek O Fed Umbilical Tower (FLT) I e -16.1 i | Apogee Al i | inciraion g zimuit: 96.0 deg
© Launch Abort System Faciity (LASF) Launch abort © Lightning Protection Towers
system installation on Orion spacecr (9 LH2 Storage Tank ! Gt e
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(D Mobile Service Tower | Launch vehicie infegration and
{esting, spacecraft make and nfegrated operations

Geodetic Laitude |3
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Delta IV Heavy and SLS with Orion
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DELTA IV HEAVY SLS

Orion’s Flight Test Exploration Mission One [EM-1)
CAPABILITY TO LOW-EARTH ORBIT [LEO]): 10 CAPABILITY TO LOW-EARTH ORBIT (LEO]):
26 metric tons | 70 metric tons
PAYLOAD: m | PAYLOAD:

Basic Orion test structure Full Orion

OBJECTIVE: ='I =| OBJECTIVE:

Acquire data at beyond-Earth -—T ¥ B— System readiness for astronauts to travel
orbit reentry velocities — I—{ farther than humans have ever gone before

-
al

DISTANCE FROM EARTH:
3,600 miles

DISTANCE FROM EARTH:

Will break the distance record reached by the
most remote Apollo spacecraft, and then
30,000 miles farther out (275,000 total miles]

i
|

DURATION:
5 Hours

I I= DURATION:
22 Days

NI
I




